To control the microstructure and properties of sol-gel silica antireflective (AR) coatings, a simple PMHS (poly(methylhydrogen)siloxane) surface modification method was applied and investigated. This is accomplished simply by immersing the AR coating into the modifier solution containing PMHS, hexane and the Karstedt catalyst and then immediately withdrawing it at a desired withdrawal rate. A systematic study was carried out to investigate the effect of PMHS on the microstructure and optical, hydrophobic and mechanical properties of sol-gel silica AR coatings. It was found that PMHS surface modification greatly increased the hydrophobicity and mechanical properties of sol-gel silica AR coatings by increasing their water contact angles from 27.2 to about 120 and Young's modulus from 317 MPa to 482 MPa. Most importantly, the transmittance of AR coatings can be tailored well between 96.4% and 100% by controlling the PMHS chain length, PMHS concentration and withdrawal rate. Speculation and verification of the PMHS surface modification process was discussed in detail after SEM characterization and optical simulation by TFCalc™ software. Finally, with this simple method, a hydrophobic sol-gel silica AR coating with excellent transmittance of 99.9%, improved mechanical properties and AR stability was realized, which can find great applications in high power laser fusion systems.
Introduction
Antireective (AR) coatings have been widely used in solar cells, optical lters, cameras and laser systems. [1] [2] [3] [4] [5] Oblique-angle deposition, 6, 7 phase separation and etching, 8, 9 self-assembly of block copolymers, 10 reactive twin-magnetron sputtering, 11 the layer-by-layer deposition method 12 and the sol-gel method 13, 14 were utilized to adjust the refractive index of AR coatings and hence the transmittance. Among these methods, the sol-gel process has become attractive due to its advantages of nearly 100% transmittance, low cost, large area deposition, large-scale production and easy control of lm thickness and refractive index. 15 More importantly, the laser-induced damage threshold (LIDT) of sol-gel silica AR coatings is two to three times higher than that of AR coatings prepared by the other methods, and therefore the sol-gel silica AR coating is irreplacable in highpowered laser fusion systems. 16 However, the sol-gel silica AR coating suffers from poor AR stability 17, 18 and mechanical strength. 19, 20 The sol-gel silica AR coating is porous and polar because it consists of a loose layer of hydrophilic silica particles that are randomly stacked on the optical substrate. Therefore, in the high-powered laser system, the sol-gel silica AR coating tends to absorb polar contaminants such as water and plasticizers of engineering materials from environment. 17, 18 The pollutants adsorbed in the pores of AR coatings will gradually increase the refractive index and hence decrease the transmittance. In addition, the sol-gel silica AR coatings are kept intact only by point contact forces between individual particles, and therefore the mechanical strength is quite weak. 19, 20 It is very desirable to overcome the poor AR stability of solgel silica AR coating. Because there are thousands of transmissive optics in high-powered laser system, a slight decrease in transmittance of individual optic will signicantly decrease the total energy directed into the target chamber. To improve the AR stability of sol-gel silica AR coatings, surface modication, [21] [22] [23] [24] [25] organic-inorganic hybrid (OIH) coatings from tetraethyl orthosilicate (TEOS) and organic precursors [26] [27] [28] [29] and OIH coatings from silica and polymers [30] [31] [32] [33] [34] have been investigated. The surface modication of sol-gel silica AR coating with hexamethyldisilazane (HMDS) was proposed and applied in National Ignition Facility (NIF). 21 The HMDS surface modica-tion of sol-gel silica AR coatings involved two steps, the initial treatment with ammonia and water vapor followed by treatment with HMDS. Aer HMSD surface modication, the hydroxyl groups on the surface of sol-gel silica AR coatings can be converted into the hydrophobic -Si(CH 3 ) 3 groups, and the AR stability can be signicantly improved. However, the surface modication is time-consuming. OIH coatings from TEOS and organic precursors were prepared by using TEOS and organic precursors such as methyltrimethoxysilane (MTES) or dimethyldiethoxysilane (DDS) as co-precursors. 28 The introduction of methyl groups greatly improved the hydrophobicity and hence the AR stability of sol-gel silica AR coatings. However, the "spring-back" phenomenon of hydrophobic groups in the OIH network would signicantly increase the porosity and therefore decrease the refractive index of AR coatings. 35 As the refractive index of AR coating decreases from 1.23 to 1.10, according to the Freshnel equation of R ¼ (n c 2 À n s ) 2 /(n c 2 + n s ) 2 , the transmittance decreases from 100% to 98.3%, 36 where n c and n s are the refractive index of AR coating and optical substrate. This is disadvantage to high power laser system because the transmittance of transmissive optics should be higher than 99.5%. OIH coatings from silica and polymer were prepared by adding ethanol-soluble polymer (such as polyvinyl butyral (PVB), polyvinyl alcohol (PVA) and polydimethylsiloxane (PDMS) with low molecular weight) into the silica sols. 34 The increase in AR stability of this method is not as good as the above two methods. Also, the addition of polymer would increase the refractive index, which would also decrease the transmittance of AR coatings.
In our previous study, we reported a novel surface modication method for sol-gel silica AR coatings by using poly(methylhydrogen)siloxane (PMHS) as modier. 37 It has been demonstrated that the PMHS surface modication could control the transmittance and hydrophobicity of sol-gel silica AR coating. The chemical reaction principle of PMHS surface modication is simple and clear. PMHS chain bears reactive -Si-H groups and amounts of hydrophobic methyl groups. The dehydrogenation reaction occurs between -Si-H of PMHS chains and hydroxyl groups on the surface of silica particles. As a result, the quantity of hydroxyl groups decrease and the PMHS chains with low surface energy are graed onto the AR coating, improving signicantly the hydrophobicity and hence the AR stability of sol-gel silica AR coatings. However, the microscopic process of PMHS surface modication is the key factor to control the macro-properties of sol-gel silica AR coating. In this work, a systematical research was carried out to investigate the effect of PMHS on the microstructure, optical, hydrophobic as well as mechanical properties of solgel silica AR coatings. We also discussed the speculation and verication of PMHS surface modication process aer SEM characterization and optical simulation by TFCalc™ so-ware. In addition, this work also characterized quantitatively the nano-mechanical propertied of sol-gel silica AR coating by Bruker atomic force microscope (AFM) using PeakForce QNM scan mode. This is one of the signicant contributions of this work to the sol-gel silica AR coating, because the characterization of mechanical properties of sol-gel silica AR coatings in the previous studies is quite qualitative or indirect. 17, 38, 39 Most importantly, a systematic investigation was carried out to investigate the effect of PMHS surface modi-cation on microstructure and properties of sol-gel silica AR coatings. Finally, with this simple method, hydrophobic solgel silica AR coating with excellent transmittance of 99.9%, improved mechanical property and AR stability was realized, which can nd great application in high power laser fusion system.
Experimental section

Materials
Tetraethyl orthosilicate (TEOS) was purchased from SigmaAldrich. Ethanol and ammonia water were purchased from Sinopharm Chemical Reagent Co., Ltd. PMHS was purchased from Chengguang Research Institute of Chemical Industry (Chengdu, China). Poly(methylhydrogen)siloxane (PMHS) were named as 0.2PMHS, 1.0PMHS and 1.5PMHS as the hydrogen content is 0.2%, 1.0% and 1.5%, respectively.
Preparation of silica sol and AR coating
17.9 mL TEOS, 175 mL ethanol, 4 mL H 2 O and 1.0 mL NH 3 $H 2 O was added into a 250 mL ask and then stirred for 2 h at 30 C.
The resultant sol was aged at 25 C for 9 days. Before coating, the sol was carefully ltered through 0.22 mm PVDF lters. The BK7 glasses were cleaned with ethanol and then wiped carefully with cleanroom wipers. Finally, the silica AR coatings were coated onto the cleaned BK7 glass by dip-coating at the withdrawal rate of 100 mm min À1 . The AR coatings were heated at 160 C for 2 h.
Surface modication of silica AR coatings
0.2PMHS, 1.0PMHS and 1.5PMHS were applied as modier.
Modier solutions with PMHS contents of 0.00%, 0.25%, 0.50%, 1.00% and 1.50% were obtained by mixing PMHS, hexane, and Karstedt catalyst (platinum-1,3-divinyl-1,1,3,3-tetramethyldisiloxane) together. The content of Pt in modier solution is about 20 ppm. The surface modication process is accomplished by dipping the silica AR coating into the modier solutions and then immediately withdrawing out at the withdrawal rate of 50 mm min À1 and 100 mm min À1 , respectively.
The PMHS modied silica AR coatings were heated at 160 C for 2 h.
Characterization
The transmittance spectra were recorded with a UV-Vis spectrophotometer (Mapada, 3200). The theoretical transmittance spectra were modeled by TFCalc™ soware (Nanjing Wavelab Soware System Co. Ltd.). The water contact angles of the AR coatings were measured on Krüss DSA100. The cross-section SEM was performed using a SU8010 high-resolution SEM (Hitachi). The surface morphology, adhesion force and Young's modulus were characterized by Bruker atomic force microscope (AFM) using PeakForce QNM scan mode, in which the quantitative nano-mechanical properties can be mapped. The probe is TAP150A.
Results and discussion
Effect of PMHS surface modication on optical properties
For high-powered laser fusion system, a feasible surface modication strategy of sol-gel silica AR coating should meet two requirements. One the one hand, the surface modication should not decrease the transmittance of modied AR coatings. The transmittance of AR coating in high power laser system should be nearly 100% (commonly higher than 99.5%). There are thousands of transmissive optics in high power laser system. According to eqn (1), 36 each optical component creates optical reection at the air-components surfaces. The optical reection will not only confuse the target diagnostic but also obviously reduce the out putenergy. One the other hand, the surface modication should also not change the optical thickness obviously. AR coating used in high power laser system should have desired optical thickness (n c d) because, according to eqn (2), 36 it determines the central wavelength. As the central wavelength is near to the wavelength of laser, the AR coating possesses the maximum transmittance. As the surface modi-cation changes optical thickness obviously, the wavelength of maximum transmittance (l 0 ) will red-shied obviously, which will signicantly decrease the transmittance at the wavelengths of lasers.
where n c and n s is the refractive index of AR coating and substrate, d is the physical thickness of AR coating, and R and T is the reection and transmittance of AR coating. The effect of hydrogen content of PMHS, PMHS content in modier solution and withdraw rate on the optical properties of AR coating was systematically investigated by a UV-Vis spectrophotometer. The transmittance spectra were shown in Fig. 1 . The values of central wavelength and maximum transmittance at central wavelength were read from Fig. 1 , and listed in Table 1 . For 0.2PMHS modied AR coatings, at the withdraw rate of 50 and 100 mm min À1 , the PMHS content has little effect on the central wavelength and the transmittance. As the PMHS content increased from 0.00% to 1.50%, the central wavelength increases slightly from 783 nm to 810 nm and from 783 nm to 808 nm, respectively, and the transmittance is almost unchanged (nearly 100%). For 1.5PMHS modied AR coatings, the PMHS content signicantly affects the optical property of AR coatings. As shown in Fig. 2 (e) and (f), the transmittance spectra were quite different as the PMHS content increased from 0.00% to 1.50%. At withdraw rate of 50 mm min
À1
, the central wavelength of 1.5PMHS modied AR coatings increased from 783 nm to 1073 nm, and the transmittance decreased from 100% to 96.4%. Finally, it can be concluded that the 0.2PMHS is the best candidate for surface modication of AR coating used in high power laser system.
Speculation and verication of PMHS surface modication process
As discussed before, the hydrogen content of PMHS and PMHS content in the modier solution affected the optical properties of AR coating. To speculate the PMHS surface modication process, the chemical structure and the microstructure of the sol-gel silica AR coating should be took into account.
3.2.1 Chemical reaction during PMHS surface modica-tion. As shown in Fig. 2(a hydroxyl compounds. As shown in Fig. 2(b) , the sol-gel AR coatings consist of a layer of silica particles that are randomly stacked on the substrate's surface. The individual silica particles' surface was covered by hydroxyl groups. In addition, Karstedt catalyst is the complex compound of platinum and 1,3-divinyl-1,1,3,3-tetramethyldisiloxane, which has very high catalytic activity. Therefore, in the presence of Karstedt catalyst, the reaction between Si-H of PMHS and Si-OH of silica particles happens immediately at room temperature, which had been demonstrated by FTIR in our previous work. Surface modica-tion of silica AR coating can be easily realized by immerging the AR coatings into the modier solution which contains PMHS and Karstedt catalyst. 3.2.2 Penetration and anti-penetration during PMHS surface modication. Penetration and anti-penetration of PMHS is the key factor to control the microstructure and therefore the optical properties of sol-gel silica AR coating. As shown in Fig. 3(a) , the sol-gel silica AR coating is porous because it is consisted randomly of a layer of silica particles. It is the porous property affords sol-gel silica AR coating excellent transmittance of 100%.
17 According to eqn (2), the refractive index of AR coating should be 1.23 to give 100% transmittance for glass substrate (n s ¼ 1.52). However, the refractive index of dense silica thin lm is 1.46. The refractive index of thin lm can be lower by incorporating nano-pores into the thin lm because it is related to the porosity according to the LorentzLorenz equation:
where n is the refractive index of porous silica AR coating and n d is the refractive index of dense silica thin lm. PMHS is a polymer in the form of exible chain. The difference between the pore size and the chain length of PMHS is the key factor to predict whether the PMHS chains play a role of penetration or anti-penetration. Our previous study indicated that the average pore radius of sol-gel silica from nitrogen adsorption/desorption analysis is about 2.6 nm, which indicates the pore diameter of sol-gel silica AR coating is about 5.2 nm.
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The theoretical molecule weight of 0.2PMHS, 1.0PMHS and 1.5PMHS is calculated to be about 12 036, 2416 and 1602, respectively, and then the length of extended chains is estimated to be about 47 nm, 10 nm and 7 nm, respectively. (See ESI: † theoretical calculation of molecule weight and estimation of chain length of PMHS). Actually, the exibility of PMHS is good, and it would be in the manner of random coil nor extended chain in good solvent. The size of PMHS coil is much smaller than the estimated ones. Therefore, a schematic representation of microstructure change of AR coating before and aer PMHS surface modication can be drew as Fig. 3 and contrasted with the SEM images.
Because the size of 1.5PMHS coil is smaller than that of pores in AR coating, the 1.5PMHS can penetrate fast into the pores. Aer the air in the pores being replaced by the PMHS, the refractive index of AR coating increased. With the increasing PMHS content in the modier solution, more PMHS chains aggregated in the pore of AR coating, and the increment of refractive index is more remarkable. This explained well the signicant change in optical properties of 1.5%PMHS modied AR coating as a function of PMHS content: (1) according to eqn (1), the apparent increase in optical thickness (n c d) resulted in the red-shi of central wavelength; and (2) according to eqn (2), the bigger refractive index a thin lm is, the smaller transmittance will be. The size of 0.2PMHS coil is much bigger than that of pores in AR coating. The exibility of PMHS chain is very good, and the PMHS coil would penetrate into the pores of AR coating slowly by internal rotation. However, with the Karstedt catalyst, the reaction between the -Si-H of 0.2PMHS and -Si-OH on the surface of AR coating is ultra-fast at room temperature. As shown in Fig. 3(b) , the big 0.2PMHS coil will gra immediately onto adjacent silica particles aer the sol-gel silica AR coating being immerged into the modier solution. The 0.2PMHS surface modication weaves a web on the surface of AR coating, and the more 0.2PMHS chains cannot penetrate into the pores. The PMHS web is very benet to maintain the porous property. As shown in Fig. 1(a) and (b) , 0.2PMHS content as well as the withdraw rate have little effect on the optical transmittance of AR coating. This is because the very thin web weaved on the surface hinders the more 0.2PMHS from penetrating into the pore of AR coating or aggregating on the surface of AR coating.
3.2.3 Verication of PMHS surface modication by SEM. The PMHS surface modication of sol-gel silica AR coating was speculated based on the pore size of AR coating, coil size of PMHS as well as the reactivity of PMHS. The speculation of PMHS surface modication process explained well the effect of PMHS on the optical properties of AR coating. To verify the speculation, the cross-sectional SEM images of unmodied, 1.5PMHS modied and 0.2PMHS modied AR coatings were characterized. As shown in Fig. 3(a) , the sol-gel silica AR coating is consisted of a layer of silica particles which were randomly stacked onto the substrate, and therefore it is porous. Fig. 3(b) represents a rather dense cross-section of AR coating aer being immerging into modier solution with high 1.5PMHS content. This is in good agreement with the speculation, in which the 1.5PMHS penetrated into the pores of AR coating and replaced the air in the pores. Cross-sectional SEM image of 0.2PMHS modied AR coating veries that few 0.2PMHS penetrates into the pores, and 0.2PMHS surface modication does not signi-cantly affect the microstructure of porous AR coating.
3.2.4 Verication of PMHS surface modication by optical simulation. In addition to verify the speculation of PMHS surface modication process by SEM, an optical simulation of AR coating by TFCalc™ soware was carried out. For PMHS surface modication of porous sol-gel silica AR coatings, two models were built for verication the change in optical property as shown in Fig. 1 and Table 1 . As shown in Fig. 4 , in Model 2, the PMHS chains penetrated into the pores of AR coating, the penetrating thickness maybe related to the PMHS content, PMHS chain length and withdraw rate. In Model 1, the PMHS did not penetrate into the pores and hence aggregated onto the surface of AR coating. For both of Model 1 and Model 2, the PMHS modied AR coatings were separated into two individual new coatings, the blue one and the black-and-white (B&W) one. The B&W one has the refractive index of 1.23, while the blue one has a much higher refractive index. 0.2PMHS and 1.5PMHS modied AR coatings with withdraw rate of 50 mm min À1 were chose to calculate the lm parameters for Model 1 and Model 2. In this calculation, two assumptions are involved: rst, that the refractive index of the new formed coating (the blue one) is set to be 1.4 (the same as that of PMHS oil), and second, that the optical thickness of modied AR coating is the summary of optical thickness of two individual coatings (blue one and B&W one). For 0.2PMHS modied AR coating, the central wavelength increased from 783 nm to 810 nm as the PMHS content increase from 0.00% to 1.50%. In Model 1 of 0.2PMHS modied AR coating, the physical thickness for B&W layer (d 1 ) is equal to that of unmodied AR coating, which is 159.2 nm. Submitting n 1 ¼ 1.23 and n 2 ¼ 1.40 into the following equation:
We get the physical thickness of the blue layer (d 2 ¼ 4.8 nm). In Model 2 of 0.2PMHS modied AR coating, the total physical thickness and optical thickness is 159.2 nm and 202.5 nm (l 0 /4). So, there are two equations as following. 
From the above two equations, we get the physical thickness of the B&W layer and blue layer (d 3 ¼ 119.5 nm, d 4 ¼ 39.7 nm). For 1.5PMHS modied AR coating, the central wavelength increased from 783 nm to 1073 nm as the PMHS content increase from 0.00% to 1.50%. In Model 1 of 1.5PMHS modied AR coating, the physical thickness for B&W layer (d 1 ) is also equal to that of unmodied AR coating, which is 159.2 nm.
Submitting n 1 ¼ 1.23 and n 2 ¼ 1.40 into the following equation:
We get the physical thickness of the blue layer (d 5 ¼ 51.8 nm).
In Model 2 of 1.5PMHS modied AR coating, the total physical thickness and optical thickness is 159.2 nm and 268.3 nm (l 0 /4). So, there are two equations as following.
We get the physical thickness of the B&W layer and blue layer from eqn (8) and (9) (d 6 ¼ À267.4 nm, d 7 ¼ 426.5 nm). The value of lm thickness of B&W layer is negative, which indicate that the Model 2 for 1.5PMHS modied AR coating is wrong. The other possibility for Model 2 is that all of pores in AR coating were lled with PMHS chains and there is an additional coating formed on the surface as shown in Fig. 4(c) . So, the refractive index of the whole modied AR coating is 1.40, and there are eqn (10) for the right Model 2.
From eqn (9), we get the physical thickness of the whole AR coating ((
Finally, the refractive index and physical thickness of Model 1 and Model 2 for 0.2PMHS and 1.5PMHS modied AR coatings were calculated and the results were shown in Fig. 4 . By inputting the refractive index and physical thickness of these four simulated AR coating into the TFCalc™ soware, the theoretical transmittance spectra of them were obtained and compared with the experimental transmittance spectra of 0.2PMHS and 1.5PMHS modied AR coatings. As shown in Fig. 5(a) , for 0.2PMHS modied AR coating, the experimental transmittance spectrum is in accordance with modeled transmittance spectrum of Model 1; and according to the Fig. 5(b) , for 1.5PMHS modied AR coating, the experimental transmittance spectrum is more similar to the modeled transmittance spectrum of Model 2. These indicate that, during modifying process, the 0.2PMHS chains tend to aggregate onto the surface of AR coating while the 1.5PMHS chains prefer to penetrate into the pores of AR coating. This is in good accordance with the above discussion.
The SEM images combined with the simulation results demonstrate that the microstructure and hence the optical property of sol-gel silica AR coating can be controlled by using PMHS with different chain length. For the sol-gel silica AR coating used in high power laser system, 0.2PMHS is a good modier.
Hydrophobicity and AR stability
Another important property of AR coating is the hydrophobicity. With increasing hydrophobicity, the AR stability can be significantly improved. 42 The aim of this work is to improve the hydrophobicity of silica AR coating by PMHS surface modi-cation and hence to improve its AR stability. The hydrophobicity can be represented by the water contact angle. 43, 44 As shown in Fig. 6 , the water contact angle of unmodied silica AR coatings is only 27.2 , which indicating that it is hydrophilic. For 0.2PMHS modied AR coating, the water contact angle increased gradually with PMHS content. As the 0.2PMHS content in modier solution increases from 0.00% to 1.50%, the water contact angle of 0.2PMHS modied AR coating increases from 27.2 to about 115
. Surprisingly, as the PMHS content in modier solution increases only from 0.00% to 0.25%, the water contact angle of 1.5PMHS modied AR coatings increases immediately from 27.2 to about 125 ; and as the PMHS content continue to increase from 0.25% to 1.50%, the water contact angle of 1.5PMHS modied AR coatings is almost the same. The general formula of PMHS is shown in Fig. 2(a 2 O-units would not only reduce the density of -Si-H groups but also shield the -Si-OH on the surface of AR coating and slow down the reaction rate of PMHS and -Si-OH. So, as the AR coating were dipped into the modier solution with very low 0.2PMHS content and drawing immediately, there are still many -Si-OH on the surface of silica AR coating. The increasing content of 0.2PMHS is benet for surface hydrophobic modication. In summary, the 1.5PMHS modied AR coatings possess a little bit better hydrophobicity than 0.2PMHS modied AR coating. However, aer taking transmittance into account, 0.2PMHS is still the best candidate for surface hydrophobic modication of sol-gel silica AR coating. As the PMHS content in modier solution is 1.50% and the withdraw rate is 100 mm min
À1
, the water contact angle of 0.2PMHS modied AR coating is 115. 5 while its transmittance is 99.9%.
AR stability of pure and 0.2PMHS modied silica AR coatings were tested by keeping them in a closed container with 95% relative humidity at room temperature for 1 month. Fig. 7 shows the maximum transmittance of pure and 0.2PMHS modied silica AR coatings before and aer one-month test. The maximum transmittance of pure silica AR coating decreases from 100.0% to 98.4%, while that of 0.2PMHS modied silica AR coating decreases from 99.9% to 99.5%. This indicates that the AR stability of sol-gel silica AR coating is obviously improved aer PMHS surface modication. This is attributed to the introduction of amounts of hydrophobic methyl groups into the sol-gel silica AR coating. 
Surface morphology
PMHS surface modication may change the surface morphology of silica AR coating. It has been demonstrated that 0.2PMHS is the best modier for sol-gel silica AR coatings. Therefore, the surface morphologies of AR coatings modied by 0.2PMHS solutions with PMHS content of 0.00%, 0.50%, 1.00% and 1.50% were analyzed by atomic force microscopy (AFM). Fig. 8 shows that the 0.2PMHS surface modication of AR coating did not signicantly affect the surface morphologies. As the PMHS content increased from 0.00% to 1.50%, the roommean-square (RMS) roughness (R q ) decreased slightly from 6.95 nm to 5.76 nm. This indicated that the PMHS surface modication did not obviously affect the roughness of sol-gel silica AR coatings. The low roughness would prevent the AR coatings from suffering light scattering. 32 In addition, the adhesion forces between probe of AFM and 0.2PMHS modied AR coatings were also recorded by AFM. The adhesion forces decrease from 2.21 nN to 0.98 nN as the PMHS content increases from 0.00% to 1.50%. This is in very good agreement with the results from water contact angles. By increasing the PMHS content from 0.00% to 1.50%, the water contact angle of 0.2PMHS modied AR coating with 100 mm min À1 withdraw rate increased from 27.2 to 115.5 .
The unmodied AR coating is hydrophilic, and therefore the adhesion force between the hydrophilic coating and silicon tip is large. With the increasing PMHS content, the surface of silica AR coating become more and more hydrophobic, and therefore the adhesion forces between the hydrophobic coating and silicon tip is smaller.
Mechanical property
The silica particles in base-catalyzed sol-gel silica AR coatings are kept contact only by point contact forces, and the binding forces within the coatings are therefore quite weak. 30 This results in the poor mechanical property of base-catalyzed solgel silica AR coatings. 37, 38 As shown in Fig. 8 , the Young's modulus of unmodied AR coating is 317 MPa. Aer being immerging in the modier solutions with increasing PMHS solution, the Young's modulus of AR coating increases from 317 MPa to 482 MPa, which indicates that the 0.2PMHS surface modication improves obviously the mechanical property of AR coating. This is also in good agreement with modifying process of 0.2PMHS modied AR coating as shown in Fig. 2(c) . Aer 0.2PMHS surface modication, the individual particles of AR coating were covalently bonded together, and hence the mechanical property was improved.
Conclusions
Hydrophobic sol-gel silica AR coatings with excellent transmittance and improved mechanical property and AR stability were prepared by a PMHS (poly(methylhydrogen)siloxane) surface modication. The speculation and verication of PMHS surface modication of sol-gel silica AR coating was discussed in detail. This explains well the effect of PMHS modication on the microstructure, optical properties, hydrophobicity and mechanical property. PMHS surface modication signicantly improves the hydrophobicity, mechanical property while still remaining excellent transmittance of 99.9%. This PMHS surface modication will nd important application in high power laser system.
